What is climax in central Indiana? A five-mile quadrat study by Potzger, John E. & Friesner, Ray C.
Butler University Botanical Studies
Volume 4 Butler University Botanical Studies Article 14
What is climax in central Indiana? A five-mile
quadrat study
John E. Potzger
Butler University
Ray C. Friesner
Butler University
Follow this and additional works at: http://digitalcommons.butler.edu/botanical
The Butler University Botanical Studies journal was published by the Botany Department of Butler
University, Indianapolis, Indiana, from 1929 to 1964. The scientific journal featured original papers
primarily on plant ecology, taxonomy, and microbiology.
This Article is brought to you for free and open access by Digital Commons @ Butler University. It has been accepted for inclusion in Butler University
Botanical Studies by an authorized administrator of Digital Commons @ Butler University. For more information, please contact fgaede@butler.edu.
Recommended Citation
Potzger, John E. and Friesner, Ray C. (1937) "What is climax in central Indiana? A five-mile quadrat study," Butler University Botanical
Studies: Vol. 4, Article 14.
Available at: http://digitalcommons.butler.edu/botanical/vol4/iss1/14
Th
e
B
u
t
l
e r
U
n
i
v e r s
i t
y
B
o
t
a n
i
c a
l
S t
u
d
i
e s
j
o u r n a
l
w a s p u
b l
i
s
h
e
d b
y
t
h
e
B
o
t
-
a n y
D
e p a r
t
m e n
t
o
f
B
u
t
l
e r
U
n
i
v e r s
i t
y
,
I
n
d
i
a n a po
l
i
s
,
I
n
d
i
a n a
,
f
ro m
1 9 2 9 t
o
1 9 6 4
.
T
h
e s c
i
e n
ti
f
i
c
j
o u r n a
l f
e a
t
u re
d
o r
i
g
i
n a
l
p a pe r s p r
i
m a r
i
l
y o n p
l
a n
t
e co
l
o g y
,
t
a xo no m y
,
a n
d
m
i
c ro
b
i
o
l
o g y
.
T
h
e p a pe r s co n
t
a
i
nv a
l
u a
b l
e
h
i
s
t
o r
i
c a
l
s
t
u
d
i
e s
,
e s pe c
i
a
l l
y
f l
o r
i
s
ti
c s u rv e y s
t
h
a
t
d
o c u m e n
t I
n
d
i
a n a
’
s
v e g e
t
a
ti
o n
i
n p a s
t
d
e c a
d
e s
.
A
u
t
h
o r s we re
B
u
t
l
e r
f
a c u
l
t
y
,
c u r re n
t
a n
d
f
o rm e r m a s
t
e r
’
s
d
e g re e s
t
u
d
e n
t
s a n
d
u n
d
e rg r a
d
u a
t
e s
,
a n
d
o
t
h
e r
I
n
d
i
a n a
b
o
t
a n
i
s
t
s
.
T
h
e
j
o u r n a
l
w a s s
t
a r
t
e
d b
y
S t
a n
l
e y
C
a
i
n
,
no
t
e
d
co n se rv a
ti
o n
b
i
o
l
o g
i
s
t
,
a n
d
e
d
i t
e
d
t
h
ro ug
h
m o s
t
o
f
i t
s y e a r s o
f
p ro
d
u c
ti
o n
b
y
R
a y
C
.
F
r
i
e s ne r
,
B
u
t
l
e r
’
s
f
i
r s
t
b
o
t
a n
i
s
t
a n
d f
o u n
d
e r o
f
t
h
e
d
e p a r
t
m e n
t i
n
1 9 1 9
.
T
h
e
j
o u r n a
l
w a s
d
i
s
t
r
i
b
u
t
e
d
t
o
l
e a r ne
d
so c
i
e
ti
e s a n
d l
i
b
r a r
i
e s
t
h
ro ug
h
e x c
h
a ng e
.
D
u r
i
ng
t
h
e y e a r s o
f
t
h
e
j
o u r n a
l ’
s p u
b l
i
c a
ti
o n
,
t
h
e
B
u
t
l
e r
U
n
i
v e r s
i t
y
B
o
t
-
a n y
D
e p a r
t
m e n
t
h
a
d
a n a c
ti
v e p ro g r a m o
f
re se a r c
h
a n
d
s
t
u
d
e n
t t
r a
i
n
i
ng
.
2 0 1
b
a c
h
e
l
o r
’
s
d
e g re e s a n
d
7 5
m a s
t
e r
’
s
d
e g re e s
i
n
B
o
t
a n y we re co n
-
f
e r re
d d
u r
i
ng
t
h
i
s pe r
i
o
d
.
T
h
i
r
t
y
-
f
i
v e o
f
t
h
e se g r a
d
u a
t
e s we n
t
o n
t
o e a r n
d
o c
t
o r a
t
e s a
t
o
t
h
e r
i
n s
ti t
u
ti
o n s
.
T
h
e
B
o
t
a n y
D
e p a r
t
m e n
t
a
t t
r a c
t
e
d
m a n y no
t
a
b l
e
f
a c u
l
t
y m e m
b
e r s a n
d
s
t
u
d
e n
t
s
.
Di
s
ti
ng u
i
s
h
e
d f
a c u
l
t
y
,
i
n a
d d
i ti
o n
t
o
C
a
i
n a n
d
F
r
i
e s ne r
,
i
n
-
c
l
u
d
e
d
J
o
h
n
E
.
P
o
t
z g e r
,
a
f
o re s
t
e co
l
o g
i
s
t
a n
d
p a
l
y no
l
o g
i
s
t
,
Wi
l l
a r
d
N
e
l
-
so n
C
l
u
t
e
,
co
-
f
o u n
d
e r o
f
t
h
e
A
m e r
i
c a n
F
e r n
S
o c
i
e
t
y
,
M
a r
i
o n
T
.
H
a
l l
,
f
o r
-
m e r
d
i
re c
t
o r o
f
t
h
e
M
o r
t
o n
A
r
b
o re
t
u m
,
C
.
M
e rv
i
n
P
a
l
m e r
,
R
e x
W
e
b
s
t
e r
,
a n
d
J
o
h
n
P
e
l
t
o n
.
S
o m e o
f
t
h
e
f
o rm e r u n
d
e rg r a
d
u a
t
e a n
d
m a s
t
e r
’
s s
t
u
-
d
e n
t
s w
h
o m a
d
e a c
ti
v e co n
t
r
i
b
u
ti
o n s
t
o
t
h
e
f
i
e
l d
s o
f b
o
t
a n y a n
d
e co
l
o g y
i
n c
l
u
d
e
D
w
i
g
h
t
.
W
.
Bi
l l
i
ng s
,
F
a y
K
e no y e r
D
a
i
l
y
,
Wi
l l
i
a m
A
.
D
a
i
l
y
,
R
e x
f
o r
d
D
a u
d
e n m
i
re
,
F
r a n c
i
s
H
ue
b
e r
,
F
r a n
k
M
c
C
o rm
i
c
k
,
S
co
t t M
c
C
o y
,
R
o
b
e r
t
P
e
t t
y
,
P
o
t
z g e r
,
H
e
l
e ne
S t
a r c s
,
a n
d
T
h
e o
d
o re
S
pe r ry
.
C
a
i
n
,
D
a u
b
e n m
i
re
,
P
o
t
z g e r
,
a n
d
Bi
l l
i
ng s se rv e
d
a s
P
re s
i
d
e n
t
s o
f
t
h
e
E
co
l
o g
i
c a
l
S
o c
i
e
t
y o
f
A
m e r
i
c a
.
R
e q ue s
t
s
f
o r u se o
f
m a
t
e r
i
a
l
s
,
e s pe c
i
a
l l
y
f
i
g u re s a n
d
t
a
b l
e s
f
o r u se
i
n
e co
l
o g y
t
e x
t
b
o o
k
s
,
f
ro m
t
h
e
B
u
t
l
e r
U
n
i
v e r s
i t
y
B
o
t
a n
i
c a
l
S t
u
d
i
e s co n
-
ti
n ue
t
o
b
e g r a n
t
e
d
.
F
o r m o re
i
n
f
o rm a
ti
o n
,
v
i
s
i t
w w w
.
b
u
t
l
e r
.
e
d
u
/
Graw-Hill Dook 
he Great Smoky 
e association at 
niv. Dot. Stud. 
'pment. Edward 
uence on a ridge 
12-229. 1935. 
ce.ntra1 India na ? 
). 1940. etion in the Yale 
1938. 
special reference 
WHAT IS CLIMAX IN CENTRAL INDIANA?
 
A FIVE-MILE QUADRAT STUDY
 
By J. E. POTZGER AND R."y C. FRIESNER 
Indiana of fers interesting and frequently puzzling problems to 
the student of plant life because of the delicate state of equilibrium 
between geological, climatological and biological phenomena. I f we 
add to this complex a location which borders on several different cli­
matic belts together with the presence within the state of three dif­
ferent physiographic sections, variations and modi fications in habi­
tat are multiplied still mOre. Unless one has spent much time in 
the field in analytical studies and has struggled with such a tap­
estry of Ii fe and habitat one may become lost in the maze and resort 
to erroneous generalizations. Since Indiana is outstanding in so 
many merging phenomena which are sensitively balanced, any de­
scription of our forests which does not take this into consideration 
can only approximate in a general way the true status 0 f affairs in 
our forest distribution. The present paper is an intial step in an 
extensive study of Indiana forests on the basis of quantitative field 
data. 
METHODS 
The areas studied involved parts of Franklin, Bartholomew,Mon­
roe, Brown and Morgan counties occurring in an east-west line 
near the northern part of the southern half of the state. Most of 
the areas studied werc unglaciated and those which were glaciated 
were topographically similar to the unglaciated areas in that more 
or less dissected ridges or plateaus alternated with steep slopes 
leading into river valleys. 
Sampling was by aid of lO-meter quadrats. The quadrats if 
placed end to end would total a distance of 5.5 miles. DBH. measure­
ments were made of all trees which were one inch or more in dia­
meter. All stems of woody species at least a meter or more in 
height were included in the density tabulation. It was assumed that 
such young trees would not only give information on rcproduction but 
also prescnt a more accmate picture of probable success of repro­
duction over a longer period of years. 
The tabulations were made in winter when the crown cover of 
leaves could not become an obscuring factor. Previous observa­
181 
tions had shown that two types of associations of the deciduous for­
est, i. e. Quercus-Carya and Acer-Fagus were largely determined in 
expression by exposu re of slope either north or south, and so most 
of the investigations were centered on such slopes. During 1935 
the herb layer of the two types of forest was studied as to fre­
quency, density and fidelity (15). Special atmometer studies as 
well as soil moisture observations in oak-hickory and beech-maple 
stands were made in 1934 (8) and all indicate more rigorous condi­
tions in the oak-hickory type of forest. Unfortunately there were 
comparatively few areas with east, west, and intermediate exposure 
to be examined. 
In the tabulation the trees were divided into five size-classes to 
add to the diagnostic value of the figures. Fidelity is expressed in 
percent of representation in anyone forest type. 
OBSERVATIONS 
The observations revealed 73 species which comprised: 34 tall 
trees, S small trees, IS tall shrubs to small trees. 8 small shrubs, and 
S lianas. Of these 61 were in the Acer-Fagus type of forest on 
north-facing slopes. This was also thc largest number of species for 
any exposure group. Forests on south-facing slopes were second 
with 58 species. All other exposure groups had considerably less, 
but this may be due partially to a reduced number of quadrats in­
volved in their tabulation. Tall trees made up more than 50% of 
the total number of woody species present. 
Carya glabm is the only species in the tall tree class which has a 
high fidelity in all exposure groups, and Sassa fras holds the same 
distinction for the small tree grotl}), but C01'nus florida has a higher 
percentage fidelity in six of the seven groups. Vibu.n1-1,t'I1~ a.cerifoliu.m. 
is the most widely distributed small shrub. Less than hal f 0 f the 
tall trees had a frequency (F. 1.) of 50% or above, and none had 
so high a percentage in all groups. Accr sacchanw/I. and Carya glabra 
came nearest having a high F. 1. in six out of the seven exposure 
groups. Accr sacchanon indicated the widest range of potentiality 
with respect to soil moisture, since it had a high F. 1. even on dry 
ridge-top stands. Fagus has a high F. 1. only in the more humid 
north and east exposure locations. while Qucrcns v('/utinG. is similarly 
represented in the dry locations. 
No species of Quercus or Carya go beyond an F. 1. 0 f 37% on 
north-facing slopes. Ostrya and Sassafras show the highest density 
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and frequency on the drier sites while CarT/·us florida. and Viburnu.11L 
acerifohum. show no special perferellce. In the Acer-Fagns type of 
forest five species have an F. I. of 33% or higher, and in the 
Quercus-Carya type nine species have a similar position. Only 129 
stems were above 20 inches DBH. This would average 23.4 stems 
per mile strip ten meters wide. 
Comparing density of Acer-Fagus and Quercus-Carya as groups 
(table I) we find that Acer-Fagus has its greatest density on north 
and northwest exposures while Quercus-Carya has it on south, south­
east, and ridge locations. Southwest, southeast, and ridge are def­
initey Quercus-Carya; north is definitely Acer-Fagus; while east 
and northwest are evenly balanced. The outstanding characteristic 
of the forests in the central part of Indiana is the critically balanced 
Quercus-Carya and Acer-Fagus climaxes. 
DISCUSSION 
Much has been written during the last two decades on the concept 
of "association" and forest-cover types, and still they are an elusive 
something into which a heterogeneous vegetation with merging tend­
encies can be pressed only imperfectly. This is especially true of 
the deciduous forest formation with its abundant species whose po­
tentiality for habitat overlaps, resulting at the border in obliteration 
or at least in a dimming of a sharply defined segregation of asso­
ciated species which characterize tbe association where optimum 
conditions prevail. Thus Quercus alba, Carya glabra, and C01'ya 
ovata may be co-dominant in the weaker expression of the Acer­
Fagus association while Acer saccharum and Ace,. nt!JrU1n may at 
times constitute an important E.lement in an association otherwise 
made up of Quercus and Carya. This has led Gleason (9) to the 
individualistic concept of the association, considering it not a unit 
which may be found over large geographical locations because of the 
difference in migration of species which constitute it. 
Clements (18) considers the association an entity and attempts 
to take care of the topographic and geographical variations by the 
subdivisions of lociations and faciations. Cain (5) compares the ecol­
ogical amplitude of any species to a circle within which a species 
must move and limits it to its association with other species, and 
high fidelity is considerrd a narrow ecological amplitude. Quercus 
'velntina is in Indiana the best indicator of the drier-site Quereus­
183 
Carya association and Fagus for the optimum mesophytic Acer­
Fagus association. 
Cain (5) has pointed out that the complex nature of a climax is 
indicated by the numerous associations and communities which make 
up the nomenclature of certain systems. As for our deciduous forest 
the complex integrating of ecological amplitude circles of various 
species constituting the crown cover is indicated by the 96 forest 
cover types adopted for the Eastern United States by the Society 
of American Foresters (17). Systems of classifications may fail 
because of unwieldy complexity or because of undiagnostic brevity. 
The forests of Indiana are typical of the complexity of the eastern 
deciduous forest and this complexity is mostly due to the physi­
ographic and climatic factors which make Indiana a "critical botani­
cal area" (7). For the same reason even the arboreal layer of the 
forests of Indiana are, so frequently misinterpreted. So Zon (19) 
in the atlas of American Agriculture and Fenneman (6) in repro­
ducing maps from the atlas place nearly all of Indiana into the 
Quercus-Carya type of forest. Gordon (11) more recently pub­
lished a more diversified vegetation map of Indiana, based primar­
ily on empirical observation. To both of these maps we will refer 
again later. 
In all of the counties studied, the two forest types customarily 
termed Acer-Fagus and Quercus-Carya are sensitively balanced, and 
in most cases appear to be closer to Acer-Fagus than to Quercus­
Carya for Acer saccharum has a high fidelity and F. 1. in most 
exposure groups (table 1.) No doubt the sharp ridges are the most 
definitely defined Quercus-Carya habitat. 
A study of this nature also reveals many points about the 
characteristics of the associated species. One is first of all im­
pressed with the large number of woody species constituting a major 
or minor part in the cover. This is especially true for the tree 
layer. It was a customary thing that one had to provide at least 
45 lines on the tabulation sheet when a survey of SO quadrats was 
made in Indiana while a similar sUl'vey on Mackinac Island, Michi­
gan, necessitated room for only five to fifteen species. Gleason 
(10) lists only seven species which played a part in the forest cover 
in four stands of Acer-Fagus associations in three counties of the 
upper part of the lower peninsula of Michigan. The present study 
shows 32 species playing a major or minor role in typical Acer-Fagus 
associati-ons in south-central Indiana. This indicates at onc~ the 
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The fidelity and frequency data (table I) show a sort of border 
line condition existing between the two associations for all important 
species, but Quercns nwntana, Q. velr.l.ti'J'I,a, and Fagus grand'ifoha 
have a fairly representative F. 1. in all exposure groups. It stands 
alit clearly that thesc two associations are quite distinct when we 
consider the number of stems for each 100 sq. meters. Fag-us is 
represented by much smaller numbers of stems in the Acer-Faglls 
association, bllt that is mainly due to more prolific reproductions by 
A cer saccharum" so that the high totals of stems for Acer are clue 
to abundance of stems less than an inch in diameter. 
\Vhile the customary term Acer-Fagus is used in this paper for 
the designation of the crown cover in the most mesophytic forest, it 
should be pointed out that this term must be made very inclusive of 
many other speC'ies which play a part in the crown cover when 
Indiana forests of this type are considered. Potzger (13) pointed 
this out in his study in :Monroe county, saying that the so-called 
Acer-Fagus is more of a mixed hardwoods type in which Acer and 
Fagus playa prominent role. Braun (1) was the first to apply the 
term "mixed mesophytic" forest to such associations. Sampson (16) 
descrihed a mixed mesophytic forest for Ohio, which as a whole 
closely approximated many of the Indiana stands included in this 
study. In a recent paper Miss Braun (4) discusses at length the 
three-fold vs. the four-fold concept of climax associations in the 
eastern deciduous forest. She places the true Acer- Fagus associa­
tion into the northern limits of the deciduous forest, and expresses 
the opinion that in Indiana the AC'er-Fagus association is in reality 
the "mixed mesophytic association." In the present study there 
are nine tall tree species with a fidelity of 75% or over in fifteen 
stands on north-facing slopes, which are characterized as Acer­
Fagus according to the present conception of forest cover types for 
this region, hut only Acer and Fagus have an F. 1. of 50% or over 
in these stands. Density of tall trees with a DBH. above six inche~ 
in the fifteen stands is as follows: 
Species 6-10 inches 1J·20 Above 20 inches 
Fagus ,.. 39 70 68 
Acer , , . . . . .. 30 14 11 
The two combined 69 84 79 
All other species 262 115 21 
185 
This definitely indicates that other species besides AceI' and 
Fagus playa prominent part in the crown cover, thus supporting the 
opinion of Miss Braun (4) and Potzger (13) that the most meso­
phytic forest climax of central Indiana is not a typical Acer-l<agus 
forest whose crown cover is controlled primarily by two species, but 
rather by a complex of a number of species (in the f ifreen stands 
considered in this paper, by 25 species) AceI' and Fagus have, how­
ever, 3.5 times as many stems above 20 inches DBH. as the other 23 
species combined, but this may be in part a reilection of selective cut­
ting. In the seedling and small size classes (table I) the 23 species 
of the association complex are greatly outnumbered by AceI' and 
Fagus, and if' the abundance of reproduction is diagnostic of the 
crown cover of future years there would be a possibility that a 
true Acer- Fagus crown cover will be the end af succession in the In­
diana mixed mesophytic forest. 
Quercus-Carya, too, is not so sharply limited to thcse genera as 
assumed by the term. In fourteen stands on south- facing slopes, 
eight tall tree species showed a fidelity of 75 % or over and three 
had an F. 1. of 50% or over. Representation according to density 
is as follows: 
Species 6·]0 inches 11·20 Ahove 20 inches 
Quercus 418 145 7 
Carya 42 13 
-
Combined 460 158 7 
All others 95 28 3 
Twenty-two species shared in the crown cover control, namely five 
Quercus, three Carya and 14 other species, but control was more 
typical Quercus-Carya in these stands than Acer-Fagus in the most 
mesophytic forest. The present study indicates a j usti fication for 
renaming the classical Indiana "beech-maple association" as the 
"mixed mesophytic association" in which beech and maple are the 
most prominent members, for it becomes at once evident to a worker 
transferring activities from Indiana beech-maple to that of northern 
Michigan that the association complex in these two areas bearing 
the same designation are strikingly di fferent. 
The Quercus-Carya type forcst cloes not have a second layer tree 
cover so well expressed as the Acer-Fagus type has, where Ostrya, 
Carpinus, and Coru1.ts flon:da playa prominent part. There is also a 
big difference in the aerial and edaphic factors between the habitat 
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have a second layer tree 
type has, where Ostrya, 
1t part. There is also a 
ors between the habitat 
sites occupied by the two forest types. South-facing slopes in this 
same region had 60% more evaporation loss than north-facing slopes 
while soil had 30% less moisture on south slopes than on north 
slopes (8). In various parts of Brown and Bartholomew counties 
Acer-Fagus areas registered less water loss than Quercus-Carya 
while soil moisture was always higher in the former (8). Con­
sistent di f( erences in the important species which make up the herb­
aceous layer in these two types of forest have also been shown (15). 
The gradual merging of species constituting the Acer-Fagus and 
Quercns-Carya types of forest in intermediate exposures seems to 
support the opinion expressed previously that I ndiana has a sensi­
tively balanced division between forest types. How do the quantita­
tive data of this study agree with the forest type distribution given 
in the vegetation maps published to date on Indiana forests? In a 
general way very poorly. As a whole Zan (19) classified the state 
too dry and Gordon (11) to mesophytic, especially for Bartholomew, 
Momoe, and Morgan counties. In a complex forest situation such 
as we have in Indiana, it is impossible even to approximate an ac­
cmate analysis of facts for a vegetation map withont very extensive 
quadrat data. Quadrat study is a time-consuming method but will 
eventually be the only reliable method upon whose results a vegeta­
tion map can be based. Not only is Gordon's map inaccurate in the 
region covered by the present bulky field data, but as :\1cCoy (12) 
has pointed out, also in the interpretation of the forests of the west­
ern lobe a f the Illinoian till plain. 
Our study showed very little difference in the makeup of Acer­
Fagus and Quercus-Carya types of forest cover in Brown, Monroe, 
Morgan, Bartholomew counties on the one hand (unglaciated areas) 
and those of Franklin county (glaciated) except that Quercus velu­
tin.a and Q. montana were replaced by Q. alba and Q. 11whlenbel'gii. 
The prominent place occupied by AceI' saccharum even in the drier 
sites may be due to cultural influence, i. e. selective cutting which 
gave a proJi fic seeder like A eel' sacchanmt an advantage which might 
be reduced considerably by later competition. This is indicated on the 
steep slope of area 39 in Franklin county. The small number of trees 
(129) above 20 inches DBH. in 5.5 miles of quadrats indicates 
immature forests in central southern Indiana. 
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SUMMARY AND CONCLUSIONS 
1. The paper deals with quantitative data of a 5.5 mile quadrat 
study of forests in Franklin, Bartholomew, Brown, Monroe and 
Morgan counties, Indiana. 
2. The four strata of these Indiana forests were made up of 73 
woody species di vicled as 34 tall trees, 8 small trees, 15 tall shrubs 
to small trees, 8 small shrubs and 8 [janas. 
3. The forests of these coullties were all approximately uf the 
same constitution.. 
4. North-facing slopes and moist uplands support a modified 
Acer-Fagus type of furest with 25 species occupying space in the 
crown cover. 
5. South-facing slopes and ridge location are typically Quercns­
Carya. 
6. Intermediate slope-exposure lucations support a mure mixed 
mesophytic type of forest. 
7. The Acer-Fagus type of forest has a better developed small 
tree layer than the Quercus-Carya. 
8. Species constituting the small tree stratum are: Cornus 
florida, Ostl'ya ';;£1-giniana, Ca.l'pi1'lus carolinia.lIa, ane! in more dis­
turbed areas, Sassafras a.lb·jdu1'J~. 
9. Vibwrnu,I·1'/. acer·jfolimn is the most common and widely dis­
tributed small shrub. 
10. Apparently, the climate favors a modified Acer-Fagus cli­
max and microclimate induced by topography causes and maintains 
the Quercus-Carya forest cover type in Central Indiana. 
LITERATURE CITED 
1.	 BRAU:-I, E. Lucy. The physiographic ecology of the Cincinnati region. 
Ohio BioI. Surv. Bul. 7. 1916. 
2.	 -- The unuiI ferentiated ueciul10US forest climax and the association­
segregate. Ecol. 16 :514-519. 1935. 
3.	 -- Forests of the Illinoian till plain of southwestern Ohio. Ecol. 6 :89­
149. 1936. 
4.	 -- Deciduous forest climaxes. Eco1. 19 (4) :515-522. 1938. 
5.	 C.~lN, STANLEY A. The climax and its complexities. Alner. MidI. Nat. 
21 :146-181. 1938. 
6.	 FE10iEMAN, NEVIN M. Physiographic divisions of the United States. Ann. 
Ass. Amcr. Gcog. 6 :19-98. 1916. 
7.	 FRIESNER, R. C. Indiana as a critieal botanical area. Tnd. Acad. Sci. Proe. 
46 :28-45. 1937. 
8.	 -- anu J. E. POTZGER. ContraslS in certain physical factors in Accr-Fagns 
188 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
veg. 
Deu.s: 
15 nort~ 
(E), 2 
ridge ( 
Sp<ci
 
Aeer ni
 
A. ruhr 
A. sae 
mile quadrat 
l\'lonroe and 
ade up of 73 
5 tall shrubs 
nateIy of the 
t a modified 
space in the 
By Quercns­
more mixed 
rveIoped small 
e; Corn us 
in more dis­
'1 widely dis­
~er-Faglts cli­
nd maintains 
a, 
pcinnati region. 
~he association­
'il). 6 :89­Feol. 
~~r.	 MidL Nat. 
~ States. Ann. 
~ld. Sei. Proc. 
in Acer-Fagus 
and	 Quercus-Carya communtl1es in Brown and Bartholomew counties, In­
diana. Bntler Univ. Bot. Stud. 4:1-12. 1937. 
9.	 GLEASON, H. A. The individualistic concept of the plant association. Amer. 
MidI. Nat. 21 :92-110, 1939. 
10,	 -- The structure of the maple-beech association in northern Michigan. 
Papers Mich. Acad. Sci., Arts, and Letters. 4 :285-296, 1925. 
11.	 GOlmON, ROBEn'r B. A preliminary vegetation map of Indiana, Amer. MidI. 
Nat. 17 :866-877. 1936. 
12.	 McCoy, SCOTT, A phytosociological study of the woody plants constituting 
twenty-five type forests of the Illinoian till plain of Indiana. Indiana Acad. 
Sei. Proc. 48 :50-66, 1939. 
13.	 POTZGER,]. E. Topography and forest types in a central Indiana region. 
Amer. MidI. Nat. 16 :212-229. 1935. 
14.	 -- Microclimate and a notable case of its influence on a ridge in central 
Indiana. Ecol. 20 :29-37. 1939. 
IS.	 -- and RAY C. fo'RIESNER. A phytosociological study of the herbaceous 
plants in two types of forests in central Indiaua. Butler Univ. Bot. Stud. 
4 (12). 1940. 
16.	 SAMPSON, HO~;EH C. The mixed mesophytie forest community of north­
eastern Ohio. Ohio Jour. Sci. 30 :358-367. 1930. 
17.	 SOCIETY A"'JEIllCAN FOHESTEUS. Forest cover types of the eastern United 
States. Jour. For. 30: 451-498. 1932. 
18.	 'vVEAVER, ]. E. and F. C. CLDlENTS. Plant ecology. McGraw-Hill Co., 
New York. 1938. 
19.	 ZaN, RAPHAEL. Atlas of American agricnlture: Part 1. Section E. Natural 
vegetation. U. S. Dept. Agri. 1924. 
TABLE I 
Density (D), frequeney (FI), fidelity (Fi) and size classes oi species on 
15 north-facing (N), 14 sOlllh-faeing (S), 5 west-facing (W), 4 east-facing 
(E), 2 northwest-facing (NW) and 1 southeast-iacing (SE) slopes and 7 
ridge (R) exposures. 
SIZE CLASSES 
Ex- Below ]. (,. 11· Above 
Specles 
Acer nigrum 
p05ure 
l\ 
I" 
35 
5" 10" 20" 20" D 
35 
FJ 
2.0 
Fi 
6.6 
NW 2 2 4.1 50 
A. rubrum N 106 76 I 3 .. 186 16.8 80 
S 377 228 7 1 613 48.2 85.7 
W 122 112 2 236 55.3 80 
E 25 33 8 .. 66 36.1 75 
NW 78 52 130 83.3 100 
R 16 85 20 .. 105 28.7 57.1 
A. saccharum N 2387 822 30 14 11 3274 89.5 100 
S 665 646 4 .. I 1316 57.6 100 
W 120 47 I 168 39.2 100 
E 109 130 10 2 1 252 82.7 100 
NW 207 77 6 .. 290 70.8 100 
SE 69 9 78 100 
R 104 126 11 241 55.3 71.4 
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TABLE I-(Continlled) 
SIZE CLASSES 
Ex­ nelow 1­ G­ Il- Above 
Species poslIre I" 5" 10" 20" 20" D FI Fi 
:\melanchier canadensis N 25 5 30 2.8 33.3 
S 58 10 .. 68 18 50 
W 20 5 25 14.8 60 
E 13 13 10.3 50 
R 3 .. 3 5.3 28.5 
Asimina triJoba N 3 .. 3 1.0 13.3 
S 19 I 20 1.7 21.4 
E 75 10 
· . 85 20.6 50 
NW 2 2 4.1 50 
Aesculus glabra S 12 29 2 
-­
43 6.7 7 
W I 1 1 20 
Benzoin aestivaJe )[ 139 139 7_1 60 
S 36 .­ .­ 36 2.1 21.4 
E 165 .. 165 20.6 75 
W 2 2 4.1 50 
Carpinus caroliniana ~. 240 142 6 · . 388 22.3 60 
S 8 7 IS 3.8 35.5 
W 33 4 37 10.6 40 
E 8 5 13 12 75 
NW 5 5 4.1 50 
R 3 1 4 5.3 14.3 
Carya cordiformis N 18 48 17 4 .. 87 14.3 40 
S 3 13 3 19 5.9 28.4 
E 1 1 I 3 5.1 50 
NW I 1 4.1 50 
R I I 1.8 14.3 
C. glabra N 138 120 19 15 I 293 37.0 100 
S 462 199 16 _. 677 57.6 100 
W 207 158 7 372 81.8 100 
E 63 22 10 3 .. 98 50 100 
NW 20 57 14 3 74 83.3 100 
SE 29 20 I 50 100 
R 100 166 10 286 810 85.7 
C. ovata N 39 120 23 11 193 31.6 47 
S 1J0 114 23 13 260 46.1 78 
W 77 58 I 136 42.5 100 
E 23 I 4 28 27.5 100 
NW 8 6 1 .. 15 29 100 
SE 9 5 2 · . 16 78 
R 19 51 5 .. 75 45 100 
C. tomenlosa N 2 I .. 3 LO 6.6 
E 1 I 1.7 25 
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I Species Cercis canadensis 
I 
I 
t
. 
I 
I 
Castanea dentata 
Celastrus scantlenlio 
Celtis occidental is 
Co rous alterni folia 
C. asperifolia 
C. florida 
I' Corylus americalia 
I 
I 
Crataegus sp? 
Dirca paJustris 
Diospyros virgini., 
Evonymus atfOPUl 
Fagus granditlent~ 
TABLE I-(Continued) 
SIZE CLASSES 
D 
30 
68 
25 
13 
3 
Fr 
2.8 
18 
148 
10.3 
5.3 
Fi 
33.3 
50 
60 
50 
28.5 
Species 
Cercis canadensis 
Ex· 
posure 
N 
S 
'vV 
E 
NW 
SE 
Uelow 
I" 
29 
38 
2 
4 
]. 
5" 
3 
81 
1 
11 
2 
6· 
10" 
1 
II· Above 
20" 20" 
· . 
.. 
.. .. 
.. 
.. 
., 
D 
33 
119 
1 
13 
2 
4 
FT 
4.4 
6.7 
1.0 
6.8 
4.1 
22.0 
Fi 
40 
21.3 
20 
25 
50 
3 1.0 13.3 R 23 10 33 18.0 28.5 
20 1.7 21.4 Cas tanea denta La S 39 15 12 1 .. 67 8.4 14.2 
85 20.6 50 E 3 4 7 8.6 25 
2 41 50 Celastrus scandens N 14 14 2.4 27 
43 
1 
139 
6.7 
1 
7.1 
7 
20 
60 ! 
Celtis occidentalis N 
S 
E 
2 
1 
4 
3 
1 
1 · . 
.. 
· . 
7 
4 
1 
1.7 
127 
1.7 
27 
14.2 
25 
36 
165 
2 
388 
15 
37 
13 
5 
4 
87 
19 
3 
I 
I 
293 
677 
372 
98 
74 
50 
286 
193 
260 
2.1 
20.6 
4.1 
22.3 
3.8 
10.6 
12 
4.1 
5.3 
14.3 
5.9 
5.1 
4.1 
1.8 
37.0 
57.6 
81.8 
50 
83.3 
100 
81.0 
31.6 
46.1 
21.4 
75 
50 
60 
35.5 
40 
75 
50 
143 
40 
28.4 
50 
50 
14.3 
100 
100 
100 
100 
100 
85.7 
47 
78 
I 
( 
I 
Cornus alternifolia 
C. asperifolia 
C. florida 
Corylus americana 
CrataegllS sP? 
Dirca palllstris 
Diospyros virginiana 
Evonymus atropurpurea 
N 
W 
E 
N 
S 
N 
S 
W 
E 
NW 
SE 
R 
N 
S 
\"1 
R 
N 
S 
R 
S 
R 
N 
S 
21 
1 
4 
3 
48 
431 
205 
148 
63 
114 
5 
105 
74 
2 
15 
I 
2 
5 
2 
7 
1 
6 
6 
2 
705 
157 
132 
58 
72 
10 
22 
3 
11 
11 
., 
· . 
., 
., 
· . 
., 
.. .. 
9 ·. · . 
.. .. 
.. 
·. 
.. 
· . .. 
·. 
.. 
· . 
.. 
.. .. 
.. ., .. 
1 
· . .. 
·. 
·. · . 
· . 
.. .. .. 
21 
1 
4 
3 
50 
1145 
362 
280 
121 
186 
15 
127 
74 
2 
15 
1 
5 
17 
2 
7 
12 
6 
6 
2.8 
I 
6.8 
0.7 
4.2 
68.5 
42.3 
68 
62 
91.7 
55 
55.8 
1.4 
0.42 
4.2 
1.8 
1.4 
5.9 
1.8 
1.27 
7.1 
0.35 
2.1 
20 
20 
25 
13 
7.1 
100 
93 
100 
100 
100 
100 
6.6 
7 
40 
143 
2 
14.2 
14.3 
7 
571 
6.6 
14 
136 42.5 100 E I 1 1.7 25 
28 
IS 
27.5 
29 
100 
100 
" 
Fagus grandidentata N 
S 
246 
144 
419 
142 
39 
17 
70 
11 
68 
1 
846 
314 
76.2 
31.7 
100 
78 
16 
75 
78 
45 100 I0 vV E 70 18 169 31 19 13 9 6 8 6 276 73 49.9 53.3 80 75 
3 
1 
1.0 
1.7 
6.6 
25 I NW R 4 7 3 1 1 I 4 13 12.5 14.3 100 57.1 
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TABLE I-(Continued) 
SIZE CLASSES 
Ex- Dclow ). G· 11· Ahove 
I 
Sped 
Species	 posure I" S" 10" 20" 20" D FI Fi )unipec 
F raxinus americana N 42 50 7 1 100 16.4 53 Liriodl 
S 16 55 16 3 · . 90 16.8 28.4 
W 1 2 3 3 20 
E 3 4 7 12 50 I )''lorusR 1	 1 1.8 14.3 
F. biltmoreana	 N I 1 0.35 6.6 
F. lanceoIata	 N 127 34 2 1 164 21.4 60 
S 16 5 2 23 6.7 43 
NyssaW 14 4	 18 10.0 60 I 
E 54 18 2 I .. 75 39.5 100 
NW 4 2 6 24 100 
SE 2 9 11 66 
R 24 27 2 1 54 32 28.5 
F.	 pennsyl vaniea N 6 12 18 3.8 33.3 
S 5 2 7 2.5 14.2 , 
Ostrya 
E 20 6 1 27 24 50 
NW 2 2 8.3 100 
SE 5 5 II 
R 12 4 .. 16 143 14.3 
W 5 3 8 5.3 40 
F.	 quadrangulata N 6 3 9 2 27 
S 36 109 12 1 · , 158 21 7 
I 
\E 9 1 10 8.6 25 Parth 
Gaylussacia baccata S 21 .. .. 21 6.3 7 Populu 
Gleditsia triacanthos S 2 2 042 7 
Gymnocladtls dioiea S 4 4 0.84 7 
Hamamelis virginiana N 103 25 128 8.2 67 
S 61	 61 8.8 355 
I Prunl 
W 41 1 42 12.7 80 
E 3 3 1.7 25 
NW 52 52 25 50 
SE 6 1 · . 7 33 
R 6 .. 6 7.1 28.5 
Hydrangea arborescens N 79 79 8.2 67 I QuercS 18 ,.	 18 12.1 21 I 
E 8 8 3.4 50 
NW 1 I 4.1 50 
Juglans cinerea N I 4 8 4 · . 17 4.4 53 
S 3 8 11 34 28.4 
W 1 1 1 20 
E 2 2 4 5.1 25 ) Q. bo). nigra N 1 1 1 5 8 2.8 33.3 
S 2 9 2 13 38 21 
E 3 7 · . 10 10.3 . 50 
1\ 3 4 1 8 l) 14.3 
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TABLE I-(COlltinued) 
SIZE CLASSES 
Ex· Below 1· (,. I J. Ahove 
Speci~s Pos(Jloe 1" 5" 10" 20" 20" n FI Fi 
Fl F; " Juniperus virgo crebra X 1 1 035 6.6 
16.4 
16.8 
53 
28.4 
I Lirioclendron tll1ipi Eera N 
S 
8 
9 
13 
4 
35 13 
1 
1 
.. 
70 
14 
15.3 
3.4 
75 
21 
3 20 E 8 1 2 2 ·. 13 13.7 50 
12 
1.8' 
0.35 
21.4 
6.7 
106 
39.5 
24 
66 
32 
3.8 
2.5 
50 
[4.3 
6.6 
60 
43 
60 
100 
100 
28.5 
33.3 
14.2 
Morus rubra 
Nyssa sylvatica 
N 
S 
E 
R 
N 
S 
W 
E 
NW 
SE 
R 
10 
2 
2 
4 
51 
168 
74 
28 
48 
9 
8 
14 
2 
1 
S 
46 
59 
23 
19 
11 
I 
1 
3 
.. 
5 
2 
1 
·. 
., 
· . 
5 
1 
3 
1 
I 
· , 
4 
1 
27 
4 
3 
9 
109 
230 
101 
49 
60 
10 
9 
8.8 
1.7 
5.1 
13.5 
19 
29.9 
40.4 
29.2 
70.7 
44 
12.5 
67 
21 
50 
28.5 
86.6 
85 
80 
75 
100 
28.5 
5.3 
24 
40 
50 I Ostrya virginiana N S 454 94 462 138 17 5 1 · . · . 
934 
237 
66.4 
32.6 
100 
78 
8.3 
11 
100 I \"i E 
187 
29 
5[ 
36 
I 
3 · . 
239 
69 
45.5 
39.5 
100 
100 
14.3 14.3 NW 91 14 · . L05 58.3 100 
2 27 SE 12 3 ,. IS 44 
2L 7 H. 28 27 55 30.5 42.9 
8.6 25 Part.henocissus quinqucfolia N 51 51 2.4 20 
63 
0.42 
7 
7 
Populus grandidentata N 
S 
1 
1 
9 
10 
17 
II 
·. 
1 · . 
27 
23 
3.4 
4.2 
30 
14 
0.84 7 NW 10 10 8.3 50 
8.2 67 I R 1 1 1.8 14.3 
8.8 
12.7 
355 
80 
P"unus serotina N 
S 
6 
6 
1 
.. 
4 2 1 14 
6 
3.4 
2.1 
40 
14 
1.7 
25 
33 
25 
50 
W 
E 
NW 
1 
I 
2 
1 
2' .. 
·. 
2 
3 
2 
2 
5.1 
8.3 
40 
50 
100 
7.1 28.5 R I 1 1.8 14.3 
8.2 
12.1 
3.4 
4.1 
4.4 
3.4 
I 
5.1 
2.8 
67 
21 
50 
50 
53 
28.4 
20 
25 
33.3 
\ 
Quercus alba 
Q. borealis maxima 
N 
S 
....v 
E 
NW 
SE 
R 
N 
22 
235 
45 
28 
67 
30 
10 
6 
79 
430 
562 
30 
22 
56 
27 
38 
23 
76 
21 
9 
6 
13 
L9 
8 
30 
7 
4 
· . 
2 
32 
8 
1 
1 
I 
2 
L40 
772 
636 
71 
95 
86 
52 
97 
26.6 
64 
75.5 
34.7 
46 
89 
41.3 
218 
75 
93 
[00 
is 
50 
71.4 
86.6 
38 21 S 10 40 21 L8 2 91 19.4 50 
10.3 50 W 2 · . 2 21 40 
9 143 193 
Species 
Q. montana 
Q. muhlenbergii 
Q. velutina 
Ribes c)'nosbati 
Wms copallina 
R. glabra 
R. toxicodendron 
R. typhina 
Rubus allegheniensis 
R occidental is 
Sambucus canadensis 
Sassaf ras albidum 
TABLE I-(Continued) 
SIZE CLASSES 
Ex· Below 1· b· II Above 
pOSllfe 1" 5" 10" 20" 20" n FI Fi 
E 2 4 I 7 6.8 50 
NW 1 · . I 8.3 50 
R 1 1 1.8 14.3 
0.1 62 120 53 I 236 105 40 
S 321 507 131 6 1 966 34 57 
W 7 159 3 169 12.7 20 
E 34 52 32 5 123 25.8 25 
NW 38 89 38 5 170 83.3 100 
SE 15 76 I 92 100 
R 202 146 39 5 · . 382 39.5 57.1 
N I 2 3 7.0 13 
S 3 38 18 14 2 75 14.3 14 
R 2 I 3 1.8 14.3 
N 19 34 10 6 69 13.3 60 
S 138 218 172 77 1 606 60.6 93 
W 45 527 41 34 I 6-+8 47.8 100 
E I 5 7 5 · . 17 17.2 75 
NW 14 10 11 4 · . 39 583 100 
SE 12 26 2 2 42 89 
R 20 99 37 30 186 87.5 85.7 
N 25 25 3.1 33.3 
S 37 37 5 7 
W 6 .. 6 1 20 
E 26 o. 26 5.1 25 
S 7 o. 7 2.1 28 
·W 35 8 .0 43 42 20 
R 10 11 
· . 
21 14.3 28.5 
E 1 1 1.7 25 
R 1 .. 1 1.8 14.3 
N 8 o. 8 2.4 26.6 
S 2 2 084 7 
NW 1 1 8.3 50 
N 8 o. S 1.7 20 
S 1 1 .42 7 
N 1 .. I .35 6.6 
N 2 2 70 13.3 
E 2 2 3.4 25 
N 115 175 36 3 329 26.5 86.6 
S 223 169 10 402 34.4 78 
W 98 218 3 · . 319 61.6 100 
E 88 13 7 108 51.6 75 
I\'W 97 63 3 163 70.8 100 
SE 20 64 84 89 
R 94 69 2 
·. 
165 46.7 85.7 
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I 
I 
f 
I
 
I
 
I
 
I, 
I 
I 
Spc(,:ies 
Smilax his 
S. rotundif 
Tilia amtTi 
Ulmus am 
U. fulva 
U. racemo~ 
Vaccinilllll I 
V. vacillal' 
Viburnum 
V. prllllifo 
Vitis sp: 
V. aestiva 
TABLE I-(Contillued) 
SIZE CLASSES 
D rr Fi I E~· Delo'" 1· 6· II· Ahove SpC'ciC5 pOS!lre I" 5" 10" 20" 20" D FI Fi 
i 6.8 50 Smilax hispida N 4 4 1 201 8.3 50 
S. rotundifolia 1\ 56 .. .. 56 6.3 20I 1.8 14.3 
W 94 .. 94 21.2 100236· 10.5 40 E 104 104 43 100966 34 57 \ ~W 6 . . .. 6 12.5 100169 12.7 20 SE 6 6 22123 25.8 25 I R 49 .. 49 36 57.1170 83.3 100 
Tilia americana ~ 27 34 8 69 6.6 33.392 100 
382 39.S I S 8 15 1 24 9.2 1457.! 
W 1 5 6 2.1 403 7.0 13 E 2 2 3.4 5075 14.3 14 I N\V 1 1 
" 
2 4.1 SO3 1.8 14.3 J R 1 I 1.8 14.3 
69 13.3 60 Ulmus americana N 5 19 10 2 .. 36 8.7 33.3606 60.6 93 S 4 12 5 7 .. 24 9.2 14 
U 34 1 648 47.8 100 W [ I 1 20 
7 5 17 17.2 is n 2 2 4 5.3 14.3 
l 4 . , 39 58.3 100 U. Illlva N IS5 II 10 I .. 177 15.7 73.3 
2 2 .. 42 89 . \ S 100 22 7 129 9.6 437 30 186 87.5 85.7 W 26 3 1 30 10.6 4025 3.1 33.3 E 149 42 2 193 43 10037 5 7 R 123 18 141 32.3 42.86 1 20 U. racemosa N 3 6 2 .. 8 1.7 2026 51 25 Vaccinium stamineum S 2 2 0.42 77 2.1 28 \'V 8 .. 
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